The genomes of most Nicotiana species contain three different subfamilies of the Tnt1 retrotransposon, which differ completely in their U3 sequence, whereas the rest of the sequence is relatively constant. The results presented here show that all three Tnt1 subfamilies are expressed in tobacco (Nicotiana tabacum) and that the U3 sequence variability correlates with differences in the pattern of expression of the Tnt1 elements. Each of the three Tnt1 subfamilies is induced by stress, but their promoters have a different response to different stress-associated signaling molecules. The Tnt1A subfamily is particularly strongly induced by elicitors and methyl jasmonate, whereas expression of the Tnt1C subfamily is more sensitive to salicylic acid and auxins. The direct relationship between U3 sequence variability and differences in the stress-associated expression of the Tnt1 elements present in a single host species gives support to our model that postulates that retrotransposons have adapted to their host genomes through the evolution of highly regulated promoters that mimic those of the stress-induced plant genes. Moreover, here we show that the analysis of the transcriptional control of a retrotransposon population such as Tnt1 provides new insights into the study of the complex and still poorly understood network of defense-and stress-induced plant signal transduction pathways.
Retrotransposons are mobile genetic elements ubiquitously present in eukaryote genomes. In some cases, such as the BARE1 element from barley, a single retrotransposon family can reach a copy number as high as 50,000 copies per haploid genome (Suoniemi et al., 1996) . This high invasivity is facilitated by their replicative mechanism of transposition: the transcription of the element generates an RNA copy that is reverse transcribed into cDNA prior to re-insertion into the genome (Boeke and Corces, 1989) . As retrotransposons do not excise, the copy number of retrotransposons increases exponentially with transposition. On the other hand, retrotransposition is potentially a highly mutagenic event, which makes the invasivity of these elements a hindrance for their survival in evolution. As retrotransposons are noninfective agents that cannot leave the host they inhabit, their survival depends on a fine-tuning of activity-high enough to maintain the ability to transpose, but below a threshold that would compromise the viability of the host genome. How this equilibrium is reached is an interesting and still open question that will probably have different answers for different retroelement-host genome couples. In the case of the yeast Ty elements, which are probably the most well-characterized retrotransposons, this equilibrium is achieved by a strict specificity of insertion to regions devoid of genes (Boeke and Devine, 1998) , combined with a frequent intra-element long terminal repeat (LTR) recombination that eliminates newly inserted elements (Jordan and McDonald, 1999) . This high turnover of Ty elements leads to the maintenance within the yeast genome of a small population of active Ty elements with a high level of sequence homogeneity (Jordan and McDonald, 1999) . The case of plant genomes seems to be very different, as they contain a high copy number of retrotransposon sequences that can account for more than 50% of their DNA content (Kumar and Bennetzen, 1999) . In addition, these sequences display a high degree of variability (for example, see Casacuberta et al., 1995; Marillonnet and Wessler, 1998) and, in most cases, they represent elements that have lost the ability to transpose. This is probably a consequence of the fact that although intra-element LTR recombination has been shown to occur for plant retrotransposons (Vicient et al., 1999) , it does not seem to be a general or important mechanism for reducing retrotransposon copy number in most plant genomes (Bennetzen and Kellogg, 1997) . Moreover, plant retrotransposons do not display target site specificity and can insert within or close to genes, creating mutations. Therefore, it seems that plant retrotransposon populations are controlled by mechanisms unlike those of the yeast Ty elements.
All the active plant retrotransposons characterized so far are only expressed under very precise stress situations, being silent during most of the plant life cycle (Wessler, 1996; Grandbastien, 1998) . This sug-gests that transcriptional regulation is a major mechanism of control for retrotransposition in plants (Wessler, 1996; Grandbastien, 1998) . This is the case for the tobacco (Nicotiana tabacum) retrotransposons Tnt1A and Tto1, whose promoters have been analyzed in detail Takeda et al., 1999) . How plant retrotransposons have evolved such stress-activated promoters is an open question. We have previously shown that Tnt1 is expressed in protoplasts and roots as a heterogeneous population of RNA molecules that resembles retroviral quasispecies (Casacuberta et al., 1995) . This lead us to suggest that as for retroviral quasispecies, this high sequence variability could endow Tnt1 with a high sequence plasticity that could facilitate the evolution of its promoter regions to improve its coexistence with the host . To validate this hypothesis, we have looked for a possible correlation between sequence variability and differences in the expression patterns of Tnt1 elements. The results presented here show that the three previously defined Tnt1 subfamilies Vernhettes et al., 1998) are expressed in tobacco with different expression patterns. These specific patterns of expression are probably a consequence of the sequence variability of their U3 regions, which in each case contain a different stress-inducible promoter.
RESULTS

The Three Tnt1 Subfamilies Are Expressed in Tobacco Cell Cultures
Tnt1 is present in hundreds of copies in the genome of tobacco and related Nicotiana spp. . The U3 region of Tnt1 is highly variable, and three different subfamilies of Tnt1 have been defined according to their U3 sequence Vernhettes et al., 1998) . All three different subfamilies, Tnt1A, Tnt1B, and Tnt1C, are present, but they differ in relative abundance in different Nicotiana genomes, which suggests that all three subfamilies remain active (Vernhettes et al., 1998) . However, until now only the Tnt1A subfamily has been shown to be expressed. Tnt1A is expressed in protoplasts and roots and, although we have analyzed more than 100 partial Tnt1 sequences by reverse transcriptase (RT)-PCR, we have failed to detect expression of Tnt1B and Tnt1C elements in these tissues (Casacuberta et al., 1995) .
Tnt1 is transiently expressed during protoplast isolation, and its RNA level decreases rapidly when protoplasts are cultured . However, it also has been reported that Tnt1 copy number increases slightly in cultured cells, suggesting that Tnt1 could be expressed in those cells (Hirochika, 1993 The results presented in Figure 1 show that whereas Tnt1 is not expressed in 1-week-old cultures (Fig. 1, 0Ј ), there is a transient induction of Tnt1 expression 4 h after the addition of fresh media to the culture. Preliminary results suggest that this induction could be associated to the presence of auxin hormones in the fresh media (data not shown). To determine the Tnt1 subfamilies expressed under these conditions, 15 partial Tnt1 RNA sequences comprising the U3 region (see Fig. 2A ) were obtained by RT-PCR amplification with RNA from tobacco cell cultures and were cloned and sequenced. A phylogenetic analysis of the sequences, including consensus sequences of the Tnt1A, Tnt1B, and Tnt1C subfamilies by the neighbor-joining method, is shown in Figure 2B . This analysis shows that only two of the sequences obtained are closely similar to the Tnt1A consensus, whereas most of the sequences are highly similar to the Tnt1B subfamily consensus. One of the sequences was found to be more similar to the consensus for Tnt1C than to the consensus for the two other Tnt1 subfamilies. These results show that the three Tnt1 subfamilies are expressed in freshly subcultured tobacco cells and that Tnt1B RNA is predominant in the conditions. To our knowledge, this is the first report of different subfamilies of a retrotransposon being expressed in a particular host species.
Induction of Different Tnt1 RNA Populations with Different Stress-Associated Signaling Molecules
To get an insight into the signal transduction pathways that lead to the induction of the different Tnt1 subfamilies, we infiltrated tobacco leaf discs with different elicitors and stress-associated signaling molecules. Previous results showed that cryptogein, a protein from Phytophtora cryptogea that elicits tobacco defense responses (Ricci et al., 1989) , was able to induce the Tnt1A promoter, as was salicylic acid, the signal transduction intermediate of the plant re- sponses to wounding and pathogen infection (Grandbastienet al., 1997; Vernhettes et al., 1997) . Nevertheless, it has recently been proposed that another defense-related signaling molecule, methyl jasmonate, could be also part of the signaling cascade triggered by cryptogein (Rusterucci et al., 1999) . On the other hand, preliminary results suggest that addition of fresh auxins to the culture medium could be responsible for the transient induction of Tnt1 we have observed in tobacco subcultured cells. Therefore, we investigated the effect on Tnt1 expression of infiltrating leaf discs with cryptogein, salicylic acid, methyl jasmonate, and 2,4-dichlorophenoxyacetic acid (2,4-D) using discs infiltrated with water as a control. Figure 3 presents a northern-blot analysis of the RNAs obtained after each treatment. It can be seen that, as previously reported , the 5.2-kb RNA of Tnt1 is expressed to low levels in leaf discs infiltrated with water, due to the wounding stress associated with the infiltration process. However, infiltration with chemicals results in a visible increase in induction of Tnt1. A quantitative analysis of the hybridization using a phosphoimager (BioRad, Hercules, CA) shows that infiltration with cryptogein leads to a 10-fold induction of the steady-state level of Tnt1 RNA, whereas the increase in induction with salicylic acid, methyl jasmonate, and 2,4-D is 3-to 4-fold. A 6.5-kb leaf mRNA is also detected, but it has been shown that this does not correspond to the genomic transcript of the retrotransposon (Pouteau et al., 1991) .
To analyze which Tnt1 subfamilies are expressed after each treatment, we amplified the 3Ј end of the Tnt1 RNA, which comprises the U3 region, by RT-PCR. Two sets of 10 sequences obtained from two independent RT-PCR reactions were cloned and sequenced from RNA obtained from each treatment. These sequences were compared with the consensus of the three Tnt1 subfamilies using a phylogenetic approach. The neighbor-joining trees obtained with the sequences from each treatment are shown in Figure 4 . These results show that although cryptogein infiltration induces the expression of the Tnt1A subfamily only (Fig. 4A ), the rest of the treatments induce a more complex population of Tnt1 RNAs. This is particularly clear for the salicylic acid ( Fig. 4B ) and 2,4-D (Fig. 4D ) treatments in which five and 11 out of 20 sequences, respectively, closely resemble the consensus sequence for the Tnt1C subfamily. A sequence highly similar to the Tnt1B consensus was detected in the methyl jasmonate-treated material (Fig. 4C ).
All the sequences obtained from the waterinfiltrated control leaf discs were closely similar to the consensus for the Tnt1A subfamily (data not shown).
The U3 Regions of the Three Tnt1 Subfamilies Contain Promoter Elements Differentially Induced by Different Stress-Associated Signaling Molecules
Our results clearly show that the stress-associated signaling molecules, salicylic acid, methyl jasmonate, and 2,4-D, as well as the fungal elicitor cryptogein, differentially induce the expression of the three Tnt1 retrotransposon subfamilies. To analyze whether the U3 regions of each Tnt1 subfamily contain different stress-inducible promoters, we bombarded leaf discs with constructs of U3 regions representative of each subfamily upstream of a ␤-glucuronidase (GUS) reporter gene, and then analyzed GUS expression after incubation with cryptogein, salicylic acid, methyl jasmonate, or 2,4-D. As secondary effects could be generated by single nucleotide differences within the conserved TATA box or transcription start region, we cloned Tnt1B and Tnt1C U3 sequences upstream of the TATA box in front of the TATA-box region of the sequence chosen as representative for the Tnt1A subfamily (see "Materials and Methods"). Leaf discs bombarded with a GUS reporter gene devoid of promoter and a GUS reporter gene driven by the 35S constitutive promoter were used, respectively, as negative and positive controls.
Results presented in Figure 5 show that the U3 region of the Tnt1B subfamily is not able to efficiently promote GUS expression in the conditions tested. On the contrary, the Tnt1A and Tnt1C U3 regions are able to drive a high level of GUS expression in tobacco leaves. It is interesting that whereas the U3 region of Tnt1A seems to induce a particularly high level of expression after incubating the bombarded leaves with cryptogein or methyl jasmonate, the U3 region of the Tnt1C subfamily is particularly induced in leaf discs incubated with salicylic acid and 2,4-D. On the other hand, no GUS activity is detected in leaf disc bombarded with the negative control, whereas, as expected, a strong noninducible GUS activity is detected in leaf discs bombarded with the 35S-GUS construct. These results are in agreement with the RT-PCR results obtained and are consistent with a major role of the U3 region in conferring a specific pattern of expression on each Tnt1 subfamily.
We have previously shown that the Tnt1A promoter is activated by cryptogein , and Figures 3 and 4 show that it is also highly activated by methyl jasmonate. To analyze if jasmonate induces Tnt1A through the same promoter elements as cryptogein, we compared the Tnt1 RNA sequences obtained after induction by these different chemicals. A neighbor-joining tree of the 61 Tnt1A sequences obtained failed to form groups supported by a bootstrap value of more than 10%, indicating that it is not possible to differentiate populations within them (not shown). The populations of Tnt1A sequences expressed after the different treatments here analyzed are thus indistinguishable. In addition to this, the BII elements, which were shown to be important for cryptogein induction , are conserved in all the sequences amplified, 67% of them having four tandem repetitions of this element and only one sequence out of 61 having less than three elements (data not shown). These results suggest that methyl jasmonate and cryptogein induce Tnt1A through the same cis-acting elements.
On the other hand, our results show that the promoter of Tnt1C is particularly sensitive to 2,4-D and salicylic acid. Although the populations of Tnt1C RNA induced by 2,4-D and salicylic acid are much more variable than those of Tnt1A RNA, they cannot be differentiated from one another by phylogenetic analysis. Figure 6A presents a neighbor-joining tree of all the Tnt1C sequences obtained, and it can be seen that different groups supported by high bootstrap values can be defined. Nevertheless, sequences belonging to each of these groups were found after salicylic acid and 2,4-D treatments, and we have not been able to define any induction-specific group.
It has been shown that salicylic acid and auxins can induce plant genes through the interaction of inducible transcription factors with the as-1-related ciselements (Chen and Singh, 1999; Niggeweg et al., 2000) . The Tnt1C sequence analyzed here contains a nearly palindromic sequence within the U3 region that closely resembles the as-1 element (TGACGTCAnnnnTGACGTCA), and this could be important for the induction of this Tnt1 subfamily by auxins and SA. It is interesting that although the two Tnt1C groups of sequences differ within the U3 region, both contain an almost identical as-1-like element located 20 to 30 nucleotides upstream of the corresponding TATA boxes (see Fig. 6B ), suggesting that this element is important for the expression of these retrotransposon elements.
DISCUSSION Different Subfamilies of the Retrotransposon Tnt1 Have Maintained Their Transcriptional Activity in Tobacco
Although three different subfamilies of the tobacco retrotransposon Tnt1 have been found to be present at a high copy number in the genome of different Nicotiana species, until now evidence for expression activity has only been obtained for the Tnt1A subfamily . The results presented in this work show that all three Tnt1 subfamilies are expressed in tobacco and that they have different patterns of expression. We have previously shown that the fungal elicitor cryptogein induces the expression of the Tnt1A promoter (Pouteau et al., 1994; Vernhettes et al., 1997) . We show here that this treatment induces an important accumulation of RNA that corresponds to Tnt1 elements that belong to the A subfamily. This result is similar to what we have previously reported from the analysis of Tnt1 RNA present in root tips and protoplasts in which only Tnt1A elements are expressed (Casacuberta et al., 1995) . In contrast, the infiltration of leaf discs with methyl jasmonate, and particularly with salicylic acid or 2,4-D, induces a more complex population of Tnt1 elements that belong to all three subfamilies. To our knowledge this is the first report of different subfamilies of a retrotransposon being expressed in a particular host genome, which makes Tnt1 a particularly interesting model for analyzing the evolution of retrotransposons within plant genomes.
The Three Different Tnt1 Subfamilies Are Differentially Induced by Stress-Associated Signaling Molecules through Specific Promoter Elements
The results presented here not only show that the three Tnt1 subfamilies are expressed in tobacco, but they also show that these subfamilies are differentially regulated. The RT-PCR analysis shows that infiltration treatments with different signaling molecules are able to induce particular subsets of Tnt1 elements. We found expression of Tnt1A RNA in leaves infiltrated with all the chemicals analyzed. Tnt1A RNA was also found in the water-infiltrated leaf discs (not shown), probably because of the wounding stress associated with the infiltration procedure . Also, it is likely that the bombardment procedure induces a wound response on its own and, thus, we cannot rule out the possibility that the weak induction of Tnt1A detected with 2,4-D in these experiments is the result of a wounding-associated stress response. In line with this hypothesis, it has been previously reported that the promoter of Tnt1A is not inducible by 2,4-D in transgenic tobacco calli (Pauls et al., 1994) . On the contrary, the clear induction of the Tnt1A promoter observed after cryptogein and methyl jasmonate incubation in the transient expression analysis reveals an elevated sensitivity of the Tnt1A promoter to both chemicals, and is in agreement with the RT-PCR results obtained.
The presence of several sequences belonging to the Tnt1C subfamily among those obtained from salicylic acid-and 2,4-D-treated leaf discs suggests that Tnt1C expression is probably induced in stress situations regulated by these signal molecules. The transient expression analysis presented here shows that the first 150 nucleotides of the U3 region of Tnt1C are sufficient to produce high levels of expression from a minimal promoter in bombarded leaves incubated with salicylic acid and 2,4-D and suggests that this region contains the promoter elements of Tnt1C that respond to these signaling molecules.
We have not been able to detect any promoter activity of the U3 region of the Tnt1B sequence analyzed. This is not completely unexpected considering that most of the Tnt1B RNA sequences obtained were amplified from subcultured cells and almost no Tnt1B RNA sequence was obtained from infiltrated leaf discs in which the transient expression experiments were performed. These results could suggest that the Tnt1B promoter is not expressed in leaf tissues. We are, at present, transforming tobacco plants with constructs similar to those used in this report to analyze in more detail the expression pattern of the different Tnt1 subfamilies.
The strong correlation of the RT-PCR results and the transient expression experiments suggest that the promoter regions that control the transcription of the Tnt1 elements in response to wounding, cryptogein, or methyl jasmonate are all contained within the U3 region of the different Tnt1 elements.
In conclusion, the results presented here show that the different Tnt1 subfamilies are expressed in tobacco with different patterns, driven by different inducible promoter elements located within their U3 regions. It is interesting to note that the expression of all three Tnt1 subfamilies is strongly regulated, with the different Tnt1 elements only being expressed under stress situations or after inoculation with stressassociated signaling molecules. This emphasizes the importance of transcriptional regulation in the control of plant retrotransposon activity and the tight relationship that exists between retrotransposition and stress situations in plants.
Retrotransposons as Models to Analyze StressAssociated Expression in Plants
Defense-related responses of plant cells depend on a complex network of signal transduction pathways. Salicylic acid is probably the most well-characterized signaling molecule in plant defense reactions (Klessig et al., 2000) , but signal transduction pathways involving methyl jasmonate and ethylene have also been characterized (Reymond and Farmer, 1998) . On the other hand, auxin has been shown to activate some defense-related genes through the as-1 element, which also confers inducibility by salicylic acid (Strompen et al., 1988; Xiang et al., 1996) . In some cases, these different pathways seem to be independent (Penninckx et al., 1996) , but genes concomitantly activated by two of these pathways have also been reported (Strompen et al., 1988; Xiang et al., 1996; Asai et al., 2000) . A recent microarray-based analysis has shown that a high number of defenserelated genes are coordinately induced by different signal transduction pathways, although genes controlled by only one of these signals, and examples of signal antagonism, were also found (Schenk et al., 2000) . This illustrates the complexity of the network of regulatory interactions that controls plant defense reactions, and the risk of drawing general conclusions from the analysis of a single gene promoter. The presence of retrotransposon promoter sequences within the RNA molecule, as well as the high sequence variability found for these elements in plants, allows for the combination of classical promoter analysis with population-based approaches to study transcriptional regulation. We have applied this strategy to analyze the promoter of Tnt1A (Casacuberta and Grandbastien, 1993; Casacuberta et al., 1995; Vernhettes et al., 1997) , and here we used a similar approach to improve our analysis of this promoter, as well as to begin to analyze the promoters of the Tnt1B and Tnt1C subfamilies.
Our results show that the Tnt1A RNA populations induced by methyl jasmonate and cryptogein are indistinguishable, suggesting that both signaling molecules induce Tnt1A through the same cis-acting elements. Our results thus reinforce the recent hypothesis that jasmonic acid could be part of the signaling cascade triggered by cryptogein (Rusterucci et al., 1999) .
On the other hand, the Tnt1C populations induced by salicylic acid and 2,4-D are also indistinguishable, suggesting that also in this case, both chemicals induce Tnt1C through the same cis-acting elements. It has been already shown that salicylic acid and 2,4-D can induce plant gene expression through as-1-related elements (Chen and Singh, 1999; Niggeweg et al., 2000) . It is interesting that although sequence variability among the Tnt1C sequences amplified is high and two different subfamilies can be defined, all of them maintain a consensus as-1-related element within the U3 region. We are currently analyzing the possible implication of this element in the induction of the Tnt1C promoter by auxins and salicylic acid, and we will examine the promoters of the two Tnt1C groups here defined for differences in induction by pathogen-associated stresses.
Sequence Plasticity and Evolution of Stress-Associated Promoters: A Strategy for Retrotransposon Maintenance in Plant Genomes
We show in this paper that the sequence variability found within the U3 regions of Tnt1 elements correlates with differences in their pattern of expression. The three Tnt1 subfamilies contain different promoter elements that induce their activity in different stress situations. Such expression variability should have consequences for the evolution of these elements, as repeated exposure of the host to a particular stress situation should favor amplification of a particular subfamily and a series of different induction events will thus lead to the amplification of different populations of elements in different host genomes. We have previously shown that the three Tnt1 subfamilies are differently represented in different Nicotiana genomes (Vernhettes et al., 1998) .
It is interesting to note that the U3 region displays a high degree of sequence variability even within a single Tnt1 subfamily. For example, two different groups of Tnt1C sequences can be defined based on their U3 sequence, so even though both groups of elements are induced by the same chemicals, slight differences in the pattern of expression might exist between them. The simultaneous expression of heterogeneous populations of Tnt1 elements with such differences in expression should allow the selection of different subsets of elements in different genomes, allowing them to evolve and to adapt to their hosts. The existence of Tnt1-related retrotransposon, Retrolyc1, in tomato and related wild species showing extensive sequence similarities to Tnt1 except for its U3 region, which also contains the promoter sequences, seems to confirm that adaptation to the host genome correlates with U3 sequence divergence (Costa et al., 1999; Araujo et al., 2001) .
Thus, we propose that the high sequence variability of Tnt1 and other plant retrotransposons, which is a consequence of the infidelity of the retrotransposition process (Gabriel et al., 1996) and the high copy number of these elements in plant genomes (Casacuberta et al., 1995) , could have allowed their promoter sequences to evolve the optimum pattern of expression to be maintained in each host genome. This strategy obviously would be very different from that of Ty elements in yeast and could be a consequence of the important differences of the organization of these different host genomes. The high proportion of intragenic regions and repetitive DNA in plant genomes compared with the compact genome of Saccharomyces cerevisiae, as well as the high frequency of polyploidy in plant genome evolution, could have minimized the negative impact of retrotransposons being inserted randomly. In addition, this could have allowed these elements to reach the high copy number that is essential to develop such a quasispecieslike strategy of adaptation.
MATERIALS AND METHODS
Cell Culture
Tobacco (Nicotiana tabacum cv Wisconsin 38) cells cultured in NK1 medium (Xiang et al., 1996) were subcultured once a week by the addition of one-half-volume of fresh media to one-half-volume of cells. After subculturing, cells were harvested at different times, pelleted by centrifugation, and frozen in liquid nitrogen.
Infiltration of Leaf Discs
Tobacco (cv Xanthi, wild-type line XHFD8, Bourgin and Missonier, 1973) leaf discs were infiltrated with water, 1 g mL Ϫ1 of cryptogein, 2 mm salicylic acid, and 10 m methyl jasmonate or 1 mm 2,4-D as previously described (Vernhettes et al., 1997)
RNA Extractions, Northern-Blot Hybridizations, RT-PCR Amplifications, Cloning, and Sequencing
RNA from cultured cells and infiltrated leaves was obtained by standard methods (Casacuberta et al., 1995) . RNA blotting and hybridization with a conserved Tnt1 endonuclease probe was performed as previously described . RT-PCR amplifications with the Avi and dT primers were performed as previously described (Casacuberta et al., 1995) , and the PCR fragments were cloned in a pGEM-T vector (Stratagene, La Jolla, CA) and were sequenced on both strands.
Phylogenetic Analysis
Sequences were aligned using the CLUSTAL W multiple-alignment program (version 1.5; Thompson et al., 1994) with some minor refinements. DNADIST in Felsestein's PHYLIP package (Felsenstein, 1989) was used to generate a distance matrix based on the Jukes-Cantor algorithm (Jukes and Cantor, 1969) . This was used to generate neighbor-joining trees (Saitou and Nei, 1987) . Bootstrap analyses were performed using the Seqboot and Consense programs from Felsestein's PHYLIP package (Felsenstein, 1989) .
Promoter-GUS Constructs
A previously described tab7 clone (Vernhettes et al., 1998) was chosen as representative of the U3 region of the Tnt1A subfamily. To construct the A-GUS clone, the tab7 clone was digested by SalI, filled in with Klenow, and re-digested with BamHI. The fragment containing the U3 of tab7 was cloned in a previously described GP plasmid (Casacuberta et al., 1993) containing a GUS reporter gene devoid of promoter and was digested with HindIII (bluntended with Klenow) and BamHI. To obtain the B-GUS and C-GUS plasmids, the region upstream of the TATA box of the clones chosen as representatives of the Tnt1B subfamily (cul4) and Tnt1C (cul12) was amplified by PCR by standard procedures, using the universal primer located within the polylinker region of the pGEM plasmid and an oligonucleotide complementary to 25 to 30 nucleotides of each clone 10 nucleotides upstream of their respective TATA box, followed by an HindIII site (5Ј-GCC AAA GCT CTA CCA ACC TTG ACC-3Ј for Tnt1B, 5Ј-GCC AAA GCT TGC ACA TAT TGA CTT ATG CAA TGA CAT C-3Ј for Tnt1C). The amplified fragments were digested with SalI and HindIII and this fragment was used to substitute the SalI-HindIII fragment of the tab7 clone. The corresponding fragments were cloned within the GP plasmid to generate the B-GUS and the C-GUS constructs as for the A-GUS construct.
Microprojectile Bombardment and Enzyme Assays
Tobacco leaf discs were transformed by particle bombardment, with 4 g of the different Tnt1-GUS constructs and 1 g of a pCAMV35SLUC used as an internal standard (Marzabal et al., 1998) . Enzyme assays were performed as described (Marzabal et al., 1998 
